The Potential Flood Damage(PFD) is widely used for representing the degree of potential of flood damage in Korea. However, this cannot be connected with the design frequency of river basin and so we have difficulty in the use of water resources field. Therefore in this study we develop the concept of Potential Risk for Flood Damage Occurrence(PRFD) which can be related to the design frequency. The PRFD has three important elements of hazard, exposure, and vulnerability. The hazard means a probability of occurrence of flood event, the exposure represents the degree that the property is exposed in the flood hazard, and the vulnerability represents the degree of weakness of the measures for flood prevention. The elements also have some sub-elements. Say, the hazard is explained by the frequency based rainfall, the exposure has two subelements which are population density and official land price, and the vulnerability has two sub elements which are undevelopedness index and ability of flood defense. Each subelements are estimated and the estimated values are rearranged in therange of 0 to 100. the Analytic Hierarchy Process(AHP) is also applied to determine weighting coefficients in the equation of PRFD. We estimated the PRFD for the Anyang river basin, Korea and also the design frequency by using the maximum rainfall. The exiting design frequency for Anyang river basin is in the range of 50 to 200 years. And the result of this study is in the range of 110 to 130 years. Therefore, we can use the developed method for the estimation of PRFD and the design frequency for the administrative districts and maybe we could apply the method for the watershed and the river channel in the future study.
· We estimate the Potential Flood Damage(PFD) for defining the vulnerability of a region to the flood but the PFD is not connected with the design frequency of a region or a river. So, this study will provide a concept of Potential Risk for Flood Damage Occurrence(PRFD) which can be estimated in the similar way with PFD and connected with the design frequency of a hydrologic event.
Estimation of Potential Risk for Flood Damage Occurrence

Methodology
We would like to define the Exposure (E) and Vulnerability (V) on the flood and these two words will be used for the estimation of PRFD (Rp). Actually, we borrowed these two words from the work of Kron (2003) and we define the PRFD in Eq.
(1) as the function of E and V
: Potential Risk for Flood Damage(PRFD) P :
Hazard (probability which a flood event can occur) E : Exposure (Degree of loss by flood event which is an element of the Risk) V : Vulnerability (The lack of flood prevention capability)
In Eq.(1) Exposure shows the degree of damage according to flood event and Vulnerability means the lack of flood prevention capability and shows costs used in structural or nonstructural plan for compensating flood defense shortage. We also define the subelements of exposure as regional public land price and population to describe the degree of damage according to flood events. And we define the sub-elements of vulnerability as the degree of undeveloped area in a region and flood prevention capability such as pumping station, dam and resevoir, and channel improvement. Therefore, we can express the E and V with their sub-elements as given as Eq. (2) and (3) (2) (3)
Here, , represent the weighting coefficients and can be estimated by Analytic Hierarchy Process(AHP) technique. The E and V are represented with the indices in the range of 0 to100. So, the sub-elements could be also represented by the proper values to reflect the values of E and V.
Estimation of Exposure and Vulnerability
Exposure Estimation
The exposure is estimated using public land price and population density. First of all, we investigate the total data of a whole country to present the sub-elements of exposure in the range of 0 to 100, and estimate the indices of study area.
Korean Association of Poverty Appraisers(KAPA) provides the standard table of annual public land. This data is provided in si(or city)-do(or province), si-gun-gu(or city-countydistrict), or dong(or village) units and also provided for commercial, industrial, inhabitant, crop, and forest areas. We use these data for the estimation of the public land price index. Here, we consider the median value of public land price of standard table as public price index of a region. Population density is simply estimated using the data provided by Korean National Statistical Office.
Vulnerability Estimation
We estimate the vulnerability using its sub-elements. The degree of undeveloped area in a region presented by KDI(Korea Development Institute, 2000) is a relative index describing the development and undevelopment of a study region. Korea has 7-Metropolitan city and 9-Do(or province), and the city and Do are also divided by 170 areas. We estimate the indices using the data which is obtained from 170 areas.
Flood prevention capability is estimated by nonstructural and structural measures such as the channel improvement index, pumping station index, dam and resevoir index which are sub-elements of the capability.
The channel improvement index is represented by the percentage which has the value in the range of 0 to 100. The dam and resevoir index and pumping station index are considered by their existence or not. For example, if the pumping station exists in the study area the index will be 100.
Analytic Hierarchy Process
The weighting coefficients in the Eqs. of (2) and (3) should be estimated and this study uses the Analytic Hierarchy Process(AHP) for the estimation of coefficients. The AHP is suggested by Saaty in the early of 1970s. The AHP is the decision-making methods capturing knowledge, experience and intuition of an appraiser through judgment by pairwise comparison of the elements and sub-elements. In general, the AHP can be performed by the following four steps for solving the problems related to the decision-making.
(1) Establish the elements and classify the related elements each other for the decisionmaking (2) Collect the judgeable data by Pairwise comparison (3) Estimate the relative weighting coefficients of decision-making attributes or elements. (4) Integrate the relative weighting coefficients of the decision-making attributes of elements to get the ranking between many alternatives. To determine the design frequency for a region, firstly we estimate the PRFD after the estimation of the exposure and vulnerability of a study area. Also, we estimate the frequency based rainfall for the rainfall gage stations and choose the recorded maximum rainfall from the stations which are around the study area. So, we can determine the frequency from the frequency based rainfall corresponding to the recorded max rainfall. The determined frequency is corresponding to the maximum value of 100 of PRFD and we obtaine the regression equation of the determined frequency versus PRFD for a study area or a region. So, we can obtain the design frequency corresponding to PRFD in a region from the regression equation.
Application
Study Area
The study area is An Yang river basin and this basin is located in two areas of Seoul city and Gyunggido province in Korea. The basin area is 286 ㎢, main channel length is 32.5 ㎞, and mean width of watershed is 8.8 ㎞. The An Yang river flows several districts of Kangseogu, Gwanakgu, Gurogu, Geumcheongu, Dongjakgu, Yangchoengu, Yeongdeungpogu in Seoul and several cities of Gwachonsi, Gwanmyungsi, Gunposi, Bucheonsi, Siheungs , Anyangsi, and Uiwangsi in Gyunggido.
The 70% of study area is urban and forest area. The downstream area of An Yang river is densely populated and the upatream area is urban and residence area. Seoul and Suwon rainfall gage stations are selected to use the rainfall data and the units of determination of PRFD and design frequency is si-gun-gu. 
Estimation of Weighting Coefficient
We investigate the questionair survey for pirewise comparision and we analyze the survey by general standard in Table 1 . A geometric average is used for the evaluation of the survey. Also, Consistency Index(CI) and Consistency Ratio(CR) are used for the consideration of consistency of the survey. From the analysis of AHP using the survey result, we obtained the weighting coefficients in Table 2 . 
. Exposure Estimation
The sub-elements to calculate the exposure is population density and public land price, and we use the average values of sub-elements for si-gun-gu. The sub-elemensts and the values are represented in Tables 3 and 4 . The expousure is shown in Table 5 . 
Estimation of Vulnerability
The vulnerability can be also estimated by its sub-elements like exposure estimation. The index of degree of undeveloped area in a region is calculated by using the ranking of degree of undeveloped area in a region according to si, gun units. A linear regressive equation is determined if we make the first ranking is 0, the final ranking is 100, and then the index of degree of undeveloped area in a region is estimated. The estimation results are shown in Tables of 6, 7, 8, and 9. 
Determination of Design Frequency
To analyze the frequency based rainfall according to the duration we collect the data in the period of 1961 to 2001(41 years) in seoul rainfall gage station and 1964 to 2001(38 years) in Suwon rainfall gage station. We obtain the annual maximum rainfall data for six durations. We carried out the frequency based rainfall analysis using the collected data. We used the Gumbel distribution with parameter estimation by probability weighted moments. The results are shown in Tables 10 and 11 After the recored max rainfall is determined according to duration in Table 12 , the frequency which PRFD equals 100 is obtained by Table 10 and 11. That is to say, for the duration of 24hr, the recorded max rainfalls of Seoul and Suwon station are corresponding to the frequency based rainfall of 150 years. So, we determined that the 100 of PRFD is equal to the frequency based rainfall of 150 years. And we obtained the regression equation as shown in Fig. 2 . If we use Fig. 2 we can obtain the design frequency corresponding to the PRFD as shown in Table 13 . Actually, the PFD and PRFD are similar methods for the estimation of flood potential and so we compare the PRFD estimated in this study and the PFD from the report previously studied(Ministry of Construction and Transportation, 2004) . PRFD estimated in this study is converted to identical index with PFD which is ranged from 0 to 1 as shown in Table 14 . If we see Table 14 , the PRFD has approximately similar tendency with the PFD. But, we know that the PRFD shows less value than the PFD. 
Conclusion
These days, we are considering the watershed based flood control plan instead of the river and the PFD is widely used for the estimation of the flood potential in the watershed. However, the PFD is not connected with the frequency which the river has its frequency according to its degree of importance.
Therefore this study has tried to connect the flood petential in a watershed with the frequency and we have used the PRFD for this purpose. From the study we have obtained the following conclusions
(1) We have defined the concept of the PRFD and suggested the methodology for the estimation of the PRFD by using its elements and sub-elements. And we have used AHP technique for the estimation of weighting coefficients of the elements.
(2) We have connected the PRFD with the freqency of a watershed or a region. Also we have compared the PRFD with the PFD which has similar concept each other. As the results of comparison, two methods have shown the similar results for the flood potential in a region.
(3) Therefore we could compare the frequency for a region by the PRFD with the design frequency of a river which includes a region.
